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Gene mutations,
alpha-synuclein levels,
imaging abnormalities
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motor phenotype

Diagnosis

Olfactory loss
RBD, constipation
anxiety, 
depression  

Bradykinesia,
Rigidity,
Rest-tremor,
(+/- non-motor-symptoms)

Motor complications:
Wearing off/dyskinesias,  
gait and balance problems,
axial deformities, 
dysarthria/dysphagia

Non-motor symptoms:
cognitive decline/ 
dementia, psychosis, 
autonomic dysfunction, 
sleep–wake-dysregulation
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Frequency of bowel movements in 6790 men between 1971 and 1974
• Follow up for incident PD for 24 yrs
• 69 PD with average time to onset 12 yrs

Ø 18,9/ 10.000 person years in men <1 bowel movement/ day
Ø 3,8  / 10.000 person years in men >2 bowel movements/ day

ØConstipation as a marker of early PD or susceptibility or 
environmental factors that may cause PD.

GI-Tract: Window or Entry Zone



www.uniklinikum-dresden.de

0

10

20

30

40

50

60

70

80

Drib
bli

ng

Ta
ste

 / 
Sm

ell

Sw
all

ow
ing

Vo
m

itin
g

Co
ns

tip
ati

on

Bo
wel 

inc
on

tin
en

ce

Im
co

m
ple

te
 b

ow
el 

em
pt

yin
g

Pa
ins

Ur
ge

nc
y

No
ctu

ria

W
eig

ht

Re
m

em
be

rin
g

Lo
ss

 o
f in

te
re

st

Hall
uc

ina
tio

ns

Co
nc

en
tra

tio
n

PD patients

Controls

NMS in PD in comparison with an age-matched control group

7 Chaudhuri & Odin 2010; Chaudhuri  et al 2006

NMSQuest study: Non-motor questionnaire for PD patients
• 123 PD patients (mean age 68y, disease duration 6.4y, H&Y 2.5)

• 96 controls (mean age 65y)
(%)
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I Observational, multicenter, international, cross-sectional study 
― 545 PD patients completed the revised NMSQuest

― Mean age 68y, disease duration 7y, H&Y 2.5

― Mean number of NMS per patient (NMSQ-T): 10.3

Prevalence of Nonmotor Symptoms in Parkinson’s Disease: 
Study Using Nonmotor Symptoms Questionnaire

8 Martinez-Martin et al 2007

N=4

N=64 N=40 N=18
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GIT manifestations in the pre-motor phase
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Cersosimo MG et al. (2013) J Neurol 260:1332-1338

Pre-motor signs
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The Braak Stages

Halliday G. et al. (2011) Mov Disord 26:1015-1021
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I Occurence of Lewy-Bodies in Auerbach and Meissner 
Plexus
I Predilection of LB in the upper GI-tract

Acta Neuropathol 1988; 76:217-221

Evidence for G.I. -Disturbances in PD
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a-Synuclein Inclusions in the ENS

• Presence of gastric a-synuclein inclusions could provide first link in susceptible 
neurons that extend from the enteric to the central nervous system individuals.
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PD Controls

I 10 untreated Parkinson patients ; all positive for Alpha-Synuclein
I Sigmoidoscopy and Bx: alpha-Synuclein and 3-Nitro-Tyrosin (marker 
for mitochondrial stress)

Mov Disord 2012: 27:709-715

Colon biopsies in PD
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I Alpha-Synuclein positive immunohistochemistry in 3 biopsies 2-5 yrs before 
onset

Mov Disord 2012: 27:716-719

Premotor PD and Colon biopsy
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Why do we have conflicting results for a-Syn
pathlogy in the gut?
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The Dresden Parkinson Model
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Figure 1 (continued). Locally administered rotenone induces alpha-synuclein phosphorylation, accumulation and
aggregation with gliosis in ENS ganglia. (scale bars 20 um). F, each column represents total number of alpha-synuclein
inclusions/ganglion surface. All graphs show mean +/- s.e.m. G, H, max-projection of staining against GFAP, alpha-synuclein
and DAPI on duodenum sections from control (G) and treated (H) mice. I, J, max-projection of anti-ßIII-tubulin, antiphospho-
alpha-synuclein (Ser 129) and DAPI staining on duodenum sections from control (I) and treated (J) animals.

Pan-Montojo et al. (2010)

Control

Control
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Figure 3. Intragastrically administered
rotenone induces alpha-synuclein
accumulation, oxidative stress and
inflammation in the dorsal motor
nucleus vagus. (scale bars 20 um). A,
B, double-immunofluorescence staining
against alpha-synuclein and ChAT on
DMV sections from 1.5 months control (A)
and 1.5 months treated (B) mice. Arrows
in B, increased intracellular alpha-
synuclein in DMV neurons already after
1.5 months. Arrowheads in B,
autofluorescent punctate inclusion pattern
inside ChAT+ neurons. C, DMV sections
stained with ChAT and DAPI were
sequentially excited with 488 and 561
laser wavelengths. Arrows in C, large
intracellular auto-fluorescent inclusions
inside ChAT+ neurons of the DMV
(arrows). D, E, F, Light microscopy
images of alpha-synuclein staining from
1.5 months control (D), 1.5 months (E)
and 3 months (F) treated mice. Arrows in
E and F, increased staining intensity
inside DMV neuronal soma in treated
mice. Arrowheads in F, increased alpha-
synuclein staining inside neuronal
processes G, H, average-projection of
triple-immunofluorescence staining
against ChAT, GFAP, MHC II (clone
M5/114.15.2) and DAPI on sections from
control (G) and treated (H) mice after 3
month treatment. Arrow in H, activated
microglial cell in the DMV.

Pan-Montojo et al. (2010)

Control

Treated (DMV)

Con 1,5 mo 3mo

A-synuclein
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Figure 4. Alpha-synuclein accumulation and
neuronal loss in the SNc after 3 but not 1.5
months intragastrical rotenone treatment. (A–C,
scale bars 20 um; E–F, scale bars 200 um). A, B, C,
immunostaining against TH, alpha-synuclein and
DAPI on SNc sections from 1.5 months control (A)
and 3 months (B–C) treated mice. Arrow in B, alpha-
synuclein small inclusions inside TH+ neurons. Arrow
in C, large alpha-synuclein inclusion (|>8.14 um)
inside a dopamineric neuron in the SN. D,
stereological quantification (n = 3) of TH+ neurons in
the SN from control and treated mice. Asterisk,
P<0.05. Number of neurons was determined based
on the optical fractionator principle using
StereoInvestigator software (MicroBrightField Inc.,
Williston, USA). Each column represents total number
of TH+ neurons in the SN in 1.5 and 3 months control
and treated mice. Graph shows mean +/-s.e.m. E, F,
TH immunostaining on striatum in 1.5 months control
(E) and 3 months treated (F) mice.

Pan-Montojo et al. (2010)

Con

Substantia nigra pars compacta

Th-stain in control (E))  and treated mice (F)
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Marrinan S et al. (2014) Movement Disorders 26:23-32

The vagus nerve
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Hemivagotomy and partial sympathectomy delay Parkinson’s disease progression 
in mice
Francisco Pan-Montojo1,2, 5, Mathias Schwarz1, Clemens Winkler1, Mike Arnhold2, Gregory O’Sullivan4, Arun Pal4, Margarita Rodrigo-Angulo5, 

Gabriele Gille2, Richard H.W. Funk1,3,  and Heinz Reichmann2,3

1Institute for Anatomy, TU-Dresden, Fetscherstr. 74, 01307, Dresden
2Department of Neurology, University Hospital Carl-Gustav Carus, Fetscherstr. 74, 01307, Dresden, Germany
3Center for Regenerative Therapies Dresden, Tatzberg 47/49, 01307, Dresden, Germany
4Max-Planck Institute for Cell Biology and Genetics, Pfotenhauerstr. 108, 01307, Dresden, Germany
5Departamento de Anatomía, Histología y Neurociencia, Facultad de Medicina, Universidad Autónoma de Madrid, Arzobispo Morcillo 4, 28029  Madrid, Spain

Abstract

Pathological studies on Parkinson’s disease (PD) patients suggest that PD pathology starts at the olfactory bulb (OB) and the
enteric nervous system (ENS) progressing into the central nervous system (CNS). In our previous study, we showed that the local
effect of rotenone on the ENS reproduces this pathological progression in mice affecting only synaptically connected structures,
suggesting transsynaptic and retrograde axonal transport as underlying mechanisms of this progression. Here, we tested this
hypothesis by performing a hemivagotomy or a partial sympathectomy prior to rotenone oral treatment on mice and using primary
enteric and sympathetic neuron co-cultures. For the first time, our results show that the appearance of motor dysfunctions is delayed
in hemi-vagotomized and sympathectomized treated mice when compared to non-operated treated mice. Moreover, we only
observed accumulation of alpha-synuclein in those structures still connected to the ENS. Interestingly, enteric neurons secrete
alpha-synuclein only upon exposure to rotenone and secreted alpha-synuclein can be up-taken by non-neuronal cells or presynaptic
sympathetic neurons. Altogether, these results suggest that pesticide-dependent alterations in the ENS can induce idiopathic PD
pathology and trigger its progression. Moreover, it seems that this progression is based on the transsynaptic and retrograde axonal
transport of alpha-synuclein, playing here the role of a prionic protein.

Further Evidence

Accepted for publications nature.com, Scientific reports
Pan-Montojo et al. (2012) 

Science Rep 2:898 f
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Pan-Montojo et al. (2012) Science Rep 2:898 f
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Breen DP et al. (2019) Movement Disord 34:307-316
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Incidence of PD Among Patients 
with Inflammatory Bowel disease

Killinger et al. Sci. Trans. Med. (2018) 

I In two independent studies involving more than 1.6 
million individuals and over 91 million person-years, 
they observed that removal of the appendix decades 
before PD onset was associated with a lower risk for 
PD, and delay of disease onset.

IThe healthy human appendix contained intraneuronal
alpha-synuclein aggregates and an abundance of PD 
pathology-associated alpha-synuclein truncation 
products that are known to accumulate in Lewy bodies.

IThey propose that the normal human appendix 
contains pathogenic forms of alpha-synuclein that 
affect the risk of developing PD.
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Incidence of PD Among Patients 
with Inflammatory Bowel disease

Peter et al. JAMA Neurology (2018) 75:939-946

ITo compare the incidence of PD among individuals 
with or without IBD and to assess whether PD risk 
among patients with IBD is altered by anti-TNF 
therapy.

I144.018 individuals with IBD. The incidence of PD 
among patients with IBD was 28% higher than that 
among unaffected matched controls.

IA 78% reduction in the incidence rate of PD was 
detected among patients with IBD who were exposed 
to anti-TNF therapy.
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Mov Disord. 2018 Sep;33(9):1492-1496
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Palacios N et al. (2018) Movement Disord 33(9):1492-1496.

Appendectomy does not cause
lower PD risk
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Nair AT et al. (2018) J Neurogastroenterol Motil 24:30-42

Interplay of gut-brain axis
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Fonesca Santos S et al. (2019) Front Neurol: 10.3389/fneur.2019.00574

The gut and PD- A bidirectional pathway
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Felice VD et al. (2016) Parkinsonism Rel Disord 27:1-8

The gut-brain axis in health and disease
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On the function of Probiotics in PD
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Kim Net al. (2018) J Microbiol 56(3):172-182
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Kim Net al. (2018) J Microbiol 56(3):172-182
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Kim Net al. (2018) J Microbiol 56(3):172-182
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Derkinderen P et al. (2014) Mov Disord 29:967
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Lin et al. (2018) PRD53:82-88: Significant increases in the abundance of 4 bacterial
families and decreases in seventeen bacterial families in China. 

The gut microbiota in PD
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Summary

Parkinson‘s Disease seems to follow a clinical pattern with a pre-motor phase 
followed by the typical motor impairment

Early signs are in most patients present and consist of loss of olfaction and 
constipation

This fits well with the claim that Braak stage 1 is characterised by alpha-synuclein 
in the dorsal vagal nc. and the olfactory bulb.

More recent neuropathological work has shown that there is also impairment of 
the ENS and the nervous system of the submandibular gland

All these locations are open to the environment, thus it is intriguing to speculate 
that a substance from outside causes PD

For this reason we have developed an animal model and could demonstrate that 
this model is in perfect agreement with Braak‘s staging

Gut microbiota may play an important role in the progression of PD and further 
work is needed to check whether the use of probiotics is helpful
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Thank you for your kind interest

Dresden Opera House


